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Knowing the operative game plan: a novel tool for
the assessment of surgical procedural knowledge
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Background: What is the source of inadequate performance in the operating room?
Is it a lack of technical skills, poor judgment or a lack of procedural knowledge? We
created a surgical procedural knowledge (SPK) assessment tool and evaluated its use.

Methods: We interviewed medical students, residents and training program staff on
SPK assessment tools developed for 3 different common general surgery procedures:
inguinal hernia repair with mesh in men, laparoscopic cholecystectomy and right
hemicolectomy. The tools were developed as a step-wise assessment of specific surgic-
al procedures based on techniques described in a current surgical text. We compared
novice (medical student to postgraduate year [PGY]-2) and expert group (PGY-3 to
program staff) scores using the Mann—Whitney U test. We calculated the total SPK
score and defined a cut-off score using receiver operating characteristic analysis.

Results: In all, 5 participants in 7 different training groups (z = 35) underwent an
interview. Median scores for each procedure and overall SPK scores increased with
experience. The median SPK for novices was 54.9 (95% confidence interval [CI]
21.6-58.8) compared with 98.05 (95% CP 94.1-100.0) for experts (p = 0.012). The
SPK cut-off score of 93.1 discriminates between novice and expert surgeons.

Conclusion: Surgical procedural knowledge can reliably be assessed using our SPK
assessment tool. It can discriminate between novice and expert surgeons for common
general surgical procedures. Future studies are planned to evaluate its use for more
complex procedures.

Contexte : Comment peut-on expliquer un rendement qui laisse a désirer au bloc
opératoire ? S’agit-il d'un manque de compétences techniques, d’un pietre jugement
ou d’une méconnaissance des procédures ? Nous avons créé un outil d’évaluation des
connaissances en matiére de procédures chirurgicales (CPC) et nous en avons évalué
Iutilisation.

Meéthodes : Nous avons interrogé des étudiants en médecine, des résidents et le per-
sonnel des programmes de formation au sujet des outils d’évaluation des CPC mis au
point pour 3 interventions de chirurgie générale courantes : soit la réparation d’hernie
inguinale avec pose de filet prothétique chez 'homme, la cholécystectomie laparo-
scopique et I’hémicolectomie droite. Les outils ont été congus sous forme d’évalua-
tions séquentielles de ces interventions chirurgicales par rapport aux techniques
décrites dans un ouvrage de chirurgie actuel. Nous avons comparé les scores des
chirurgiens novices (depuis les étudiants en médecine jusqu’a R2) et experts (depuis
R3 jusqu’au personnel des programmes) a I'aide du test U de Mann—-Whitney. Nous
avons calculé les scores de CPC et défini un seuil a I'aide d'une analyse de la fonction
d'efficacité du récepteur.

Résultats : En tout, 5 participants de 7 groupes de formation différents (2 = 35) ont
été interviewés. Les scores de CPC médians pour chaque intervention et les scores
globaux augmentaient selon I'expérience. Pour les scores médians de CPC, les novices
ont obtenu 54,9 (intervalle de confiance [IC] a 95 % 21,6-58,8), contre 98,05 (IC a
95 % 94,1-100,0) chez les experts (p = 0,012). Le score seuil de CPC de 93,1 établit la
distinction entre les chirurgiens novices et experts.

Conclusion : Notre outil d’évaluation de la connaissance des procédures chirurgi-
cales permet d'analyser les CPC de maniére fiable. Il permet de distinguer entre
chirurgiens novices et experts lors d’interventions de chirurgie générale courantes.
D’autres études sont prévues pour évaluer l'utilisation de ’outil pour des interventions
plus complexes.

© 2012 Association médicale canadienne



1 surgical procedures share, among others, 3 fun-

damental components: a cognitive factor, a tech-

nical element and a judgment component. The
cognitive factor consists of the knowledge of the theoret-
ical steps of the procedure in question. The technical ele-
ment takes into account the theoretical steps and translates
them into the performance of the operation. The judgment
component comes from the procedural component and
from surgical experience, allowing a surgeon to determine
the appropriate course of action for patients on a case-by-
case basis. From this paradigm emerges a fundamental
question: What is the source of inadequate performance in
the operating room (OR)? Is it a lack of technical skills,
poor judgment, or a lack of knowledge and familiarity with
the procedure?

Whereas technical examination measures have been
validated,™ procedural knowledge assessments in surgery
have not been well documented. With advances in technol-
ogy, changes in surgical equipment, the development of
new surgical techniques and the rotation of new trainees in
surgical departments, assessing a surgeon’s procedural
competence becomes a valuable tool to ensure adequate
performance in the OR. Furthermore, in the current cli-
mate of diminishing working hours and shorter training
periods, the surgical profession must address the complex
issue of how to teach surgery and how to assess an individ-
ual’s competence.’

An ideal, single objective measurement tool for the
assessment of technical and procedural skills continues to
elude us.® Indeed, while trying to identify the nontechnical
skills required by surgeons in the OR and assessing behav-
ioural marker systems that have been developed for rating
surgeons’ nontechnical skills, Yule and colleagues’ con-
cluded that further work is required to develop a valid tax-
onomy for the appraisal of an individual surgeon’ skills.

Adequate acquisition of surgical competence through-
out training is fundamental for successful patient care. If
technical skills are acquired at a rate proportional to sur-
gical exposure and education, then the knowledge of the
steps of the surgical procedure should theoretically
increase as well, and we expect that this ability should be
similar among surgical trainees of the same rank. The pur-
pose of the present study was to develop an operative
knowledge assessment tool to quantify the trend in know-
ledge acquisition of the procedural steps and to establish
the tool’s reliability to investigate the practical applications
it may bring to future educational research.

METHODS

We defined surgical procedural knowledge (SPK) as “the
ability to enumerate the steps of a given surgical proced-
ure in the order that they occur in the OR.” Based on this
definition, we developed an SPK assessment tool for 3 dif-
ferent common general surgical procedures: inguinal her-
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nia repair with mesh in men, laparoscopic cholecystec-
tomy and open right hemicolectomy (Appendix 1, avail-
able online at www.cma.ca/cjs).

Education behaviourist theory suggests that compe-
tence is best assessed by precise measures of performance
generally documented by checklists." Therefore, our SPK
tools were developed as step-wise assessments of each
operation based on Fisher’s Mastery of Surgery, 5th edi-
tion." The SPK tool lists all of the steps of each procedure,
from opening to closure in chronological order and in
checklist form. These checklists are then used as a marking
grid by each investigator to grade participants.

We interviewed medical students, residents and staff in
McGill University’s general surgery program about the
SPK tools, asking them to enumerate in chronological
order the steps that they were familiar with for each opera-
tion. A score was subsequently assigned per procedure, and
errors of both commission (unnecessarily added or incor-
rectly ordered steps) and omission (missed steps) were dis-
counted from the final score. To evaluate inter-rater reli-
ability, interviews were recorded and scored by 2 observers
separately. One observer scored the participant over the
course of a face-to-face interview. To reduce performance
anxiety, time constraints, distractions, overall stress and
other potential confounding biases, this observer was cho-
sen from outside of the surgical program and was previously
unfamiliar to the study participants. The second observer
scored the interview while listening to its audio recording at
a later time. A total SPK score was calculated by adding the
total score of each procedure out of 100 and dividing by 3.

Statistical analysis

The SPK scores for “novice” (medical student, residents in
postgraduate years [PGY] 1 and 2) were compared with
“expert” surgeons (residents in PGY 3-5, program staff)
using the Mann—Whitney U test. Finally, an SPK cut-off
score was defined by receiver operating characteristic
(ROC) analysis of SPK scores between novice and expert
surgeons.

ResuLTs

In all, 5 participants in 7 different training groups (7 = 35)
underwent an interview assessment. Median scores for
each procedure and overall SPK scores increased with sur-
gical experience (Table 1, Fig. 1). In addition, variability
(standard deviation [SD]) within training levels decreased
as surgical experience increased (Table 1). Among novice
surgeons, inguinal hernia repair assessments generated the
lowest scores. Laparoscopic cholecystectomy scores were
consistently higher in every training group. Residents in
PGY-5, fellows and program staff demonstrated perfect
scores across all procedures (Fig. 1).

Overall, the median SPK for novices was 54.9 (95%
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confidence interval [CI] 21.6-58.8) compared with 98.05
(95% CI 94.1-100) for experts (p = 0.012). The SPK cut-
off score of 93.1, calculated by ROC analysis, discriminates
between novice and expert surgeons. The frequency distri-
bution of SPK scores for novice and expert surgeons is
illustrated in Figure 2, with the ROC cut-off score demon-
strating the discrimination between the groups. The inter-
class correlation coefficient for the total SPK was 0.99
(95% CI 0.98-0.995) between the 2 observers.

Discussion

Addressing the question of SPK is a key component in the
development of curricula and assessment tools for surgical
trainees. Given that an ideal, single objective measurement
tool for the assessment of surgical procedural skills contin-
ues to elude the surgical community, we took on this pro-
ject to provide some insight into this question. Spencer"”
reported that 75% of the important events in an operation
are related to making decisions, whereas only 25% are re-
lated to manual skills. This is not a new concept: Frederick
Treves wrote in 1891, “The actual manipulative part of
surgery requires no very great skill and many an artisan
shows infinitely more adeptness in his daily work [...] It is
in the mental processes involved in an operation that not a
few fail. There is some lack in [...] the capacity for form-
ing a ready judgment, which must follow each movement
of the surgeon’s scalpel.””

Our results confirm our expectation that SPK should
increase proportionally with level of training and surgical
experience. These particular procedures were chosen
because of their inherent frequency in the OR, as even
entry-level residents are exposed to them on a regular
basis. After all, barring breast biopsies and appendectomies,
these are the most common operations performed at our
centre. The steps of an open appendectomy were chosen as
examples for the required task at hand for the residents
before engaging in this exercise and, despite being more
common than an open hemicolectomy, could thus not be
used as part of the assessment tool.

Scores for specific procedures and overall SPK scores
increased with level of training, supporting the construct
validity of our assessment tool. In addition, with advance-
ment in surgical training, within-group variability in overall
SPK scores decreased, indicating a levelling of cognitive
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Fig. 1. Overall and procedure-specific median surgical procedural
knowledge (SPK) scores. PGY = postgraduate year; SD = standard
deviation.
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Fig. 2. Frequency and receiver operating characteristic cut-off
score for novice versus expert overall surgical procedural know-
ledge scores.

Table 1. Procedure-specific and overall surgical procedural knowledge scores

Measure, % * (IQR)

Participant Open right hemicolectomy Laparoscopic cholecystectomy Indirect inguinal herniat Overall SPK

Medical students 22.20 (19.44) 31.25 (6.25) 0.00 (17.64) 21.60 (11.76)
PGY-1 66.67 (16.67) 75.00 (37.50) 36.30 (11.76) 56.90  (5.88)
PGY-2 83.33 (38.89) 93.75 (18.75) 76.47 (35.29) 58.88  (33.30)
PGY-3 83.33 (11.11) 100.00 (6.25) 100.00  (0.00) 94.10 (13.72)
PGY-4 88.89  (5.56) 100.00  (0.00) 100.00 (5.88) 96.10  (3.92)
PGY-5 100.00  (0.00) 100.00  (0.00) 100.00  (0.00) 100.00  (0.00)
Fellows/staff 100.00 (5.56) 100.00 (6.25) 100.00  (0.00) 100.00  (3.92)

IQR = interquartile range; PGY = postgraduate year; SPK = surgical procedural knowledge.
*Unless otherwise indicated.
TInguinal hernia repair with mesh in men; Lichtenstein repair.
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ability across members of the same academic rank with
increased surgical education and exposure. Medical students
displayed similar standard deviation estimates as residents
in PGY-2 simply owing to poor performance as a whole
cohort, thus displaying low variability among individual
results. Finally, by PGY-5, surgeons displayed perfect SPK
scores. The procedural knowledge for these basic surgical
procedures plateaus, as one would hope, early in surgical
training. On our assessment tool, residents in PGY-3
displayed similar scores to those of the staff surgeons.
Whether this association holds true for more advanced pro-
cedures and whether this knowledge plateau will be main-
tained at the PGY-3 level as work-hour restrictions impact
surgical training remains to be investigated.

There are potentially 2 practical applications of the SPK
tool. The first is for curricula planning. The SPK tool can
identify and address issues with particular procedures that
are not being well taught in a program (e.g., inguinal her-
nia procedures performed by junior residents). As such,
should surgical education curricula need to be reassessed,
our tool may offer insight with respect to the current status
of procedural knowledge of trainees of a given surgical
centre and provide areas of focus on which efforts can be
applied. Second, normative SPK scores could be estab-
lished with additional data, and then the tool could be
applied at an individual level, allowing identification of
trainees who may need remedial attention to develop this
aspect of surgical knowledge.

We believe that ours is the first study to attempt to
assess the procedural component of surgical knowledge
separately from basic clinical knowledge and surgical judg-
ment or technical knowledge among surgical trainees."™
We hypothesize that procedural knowledge should be sim-
ilar among surgical trainees of the same rank but acknow-
ledge that substantial variance may exist among surgical
residents in how they acquire procedural skills. The pur-
pose of our SPK tool is to measure that procedural know-
ledge once acquired, regardless of how it was obtained.
Inherent heterogeneity in operative exposure may also
exist within a program with multiple sites and among
teaching staff, which may affect the acquisition of SPK.

Limitations

The following limitations must be acknowledged. The
sample size of this pilot study was small and restricted to
1 institution. In addition, the operations for which the
SPK tool was developed are common, and this may have
masked procedural knowledge among trainees for less
common, more advanced procedures. Finally, owing to
time constraints, our investigation was conducted as a
cross-sectional study rather than longitudinally. Thus,
we were not able to assess individual evolution in SPK;
however, this would be interesting to evaluate in future
studies.
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CONCLUSION

Whereas several studies have addressed measurements of
technical knowledge among surgical trainees,' no other
study, to our knowledge, has attempted to evaluate their
procedural ability as defined here. The SPK tool was used
to measure procedural knowledge at each recognized level
of surgical training, including data from medical students,
and attending staff, which provided information about our
transformation throughout surgical training. Finally, as
the SPK tool is retrieved from a well established surgical
textbook, it is a standardized tool that can be used without
alteration at other surgical centres, thus allowing for com-
parison with other training sites or among different gener-
ations of surgeons within the same program.

The true purpose of creating a tool that measures the
procedural knowledge of surgical trainees is not to discrim-
inate against and decrease OR time for trainees who score
poorly, but rather to accurately identify whether SPK is an
area where we need to focus our resources to improve surgic-
al education. Given the results of our pilot study, we intend
to pursue future projects to correlate these results with tech-
nical in-training examination scores and validated intraoper-
ative, procedure-specific performance checklist scores. In
addition, validadon of the SPK tool across multiple institu-
tions and for more complex procedures is required.

The current state of surgical nontechnical skills assess-
ment is in its infancy,” and our SPK tool may provide a
reliable instrument to evaluate how well we are teaching
our trainees in the face of evolving training schedules and
curricula while distinguishing between novice and expert
surgeons for basic procedures.
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Canadian Surgery FORUM

The Canadian Surgery FORUM canadien de chirurgie will hold its annual meeting Sept. 13-16, 2012, in
Calgary, Alberta. This interdisciplinary meeting provides an opportunity for surgeons across Canada with
shared interests in clinical practice, continuing professional development, research and medical education
to meet in a collegial fashion. The scientific program offers material of interest to academic and community
surgeons, residents in training and students.
The major sponsoring organizations include the following:
The Canadian Association of General Surgeons
The Canadian Society of Colon and Rectal Surgeons
The Canadian Association of Thoracic Surgeons
The Canadian Society of Surgical Oncology
Other participating societies include the American College of Surgeons, the Canadian Association of
Bariatric Physicians and Surgeons, the Canadian Association of University Surgeons, the Canadian Hepato-
Pancreato-Biliary Society, the Canadian Undergraduate Surgical Education Committee, the James IV Associa-
tion of Surgeons, the Québec Surgical Association and the Trauma Association of Canada.

For registration and further information visit www.cags-accg.ca.

FORUM canadien de chirurgie

La réunion annuelle du FORUM canadien de chirurgie aura lieu du 13 au 16 septembre 2012 a la Ville de
Calgary, Alberta. Cette réunion interdisciplinaire permet aux chirurgiens de toutes les régions du Canada qui
s'intéressent a la pratique clinique, au perfectionnement professionnel continu, a la recherche et a I'éducation
meédicale d'échanger dans un climat de collégialité. Un programme scientifique intéressera les chirurgiens
universitaires et communautaires, les résidents en formation et les étudiants.
Les principales organisations qui parrainent cette réunion sont les suivantes :
L' Association canadienne des chirurgiens généraux
La Société canadienne des chirurgiens du colon et du rectum
La Société canadienne de chirurgie thoracique
La Société canadienne d’oncologie chirurgicale
Le American College of Surgeons, IAssociation canadienne des médecins et chirurgiens spécialistes de
I'obésité, IAssociation québécoise de chirurgie, le Canadian Association of University Surgeons, le Canadian
Hepato-Pancreato-Biliary Society, le Canadian Undergraduate Surgical Education Committee, le James |V
Association of Surgeons et I'Association canadienne de traumatologie sont au nombre des sociétés qui
appuient cette activité.

Pour vous inscrire ou pour plus de renseignements, veuillez consulter le site www.cags-accg.ca.
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